ABSTRACT The effect of lipopolysaccharide (LPS) on the expression of proinflammatory cytokines, interleukin (IL)-1β, IL-6, and IL-12 in broiler chick thrombocytes was investigated. At 4 wk of age, blood samples were collected, and isolated thrombocytes were incubated with LPS for 1 h. Ribonucleic acid was extracted from the cells to examine the expression of the proinflammatory cytokines using real-time reverse transcription PCR. It
INTRODUCTION
Chicken thrombocytes are nucleated blood leukocytes and represent the most abundant white blood cell types in chicken blood (Chang and Hamilton, 1979a) . Because the avian bone marrow lacks megakaryocytes, thrombocytes arise from the antecedent mononucleated cells (Lucas and Jamroz, 1961) . Thrombocytes are homologous in function to mammalian platelets. Platelets are the smallest blood cell, being only fragments of the megakaryocyte cytoplasm (Klinger, 1997) . Platelets have become intriguing subjects for immunological research in recent years because of their role in natural host defense mechanisms (Meseguer et al., 2002) . Platelets are mostly known for the process of hemostasis and the initiation of wound repair (George, 2000) . Besides their role in hemostasis and thrombus formation after endothelial injury, platelets also take part in the processes of inflammation and tissue repair that follows (Klinger, 1997) . Platelets release a vast array of bioreactive molecules such as chemotactic factors for other cell types, cationic proteins, histamine, serotonin, prostaglandin E2, and prostaglandin D2 (Klinger, 1997; Klinger and Jelkmann, 2002; Elzey et al., 2005) .
Chicken thrombocytes have been used in this study to analyze gene expression of certain proinflammatory cytokines. Commercial broilers can be exposed to a variety of stressors and are raised in an environment where airborne microorganisms and microbial components chal-1 Corresponding author: trscott@clemson.edu 61 was found that expressions of IL-1β, IL-6, and IL-12 in thrombocytes were unaffected by diets containing corticosterone and vitamin C fed to chicks. However, LPS exposure did increase the expressions of these cytokines. The fact that thrombocytes are so abundant and can be stimulated by LPS makes them primary effector cells in innate host defenses against bacterial infections in chickens.
lenge the health of the chicks. Therefore, isolated thrombocytes were cultured with lipopolysaccharide (LPS) to determine if broiler chicks have the capacity to respond to this microbial component via this unique cell type and whether the response is affected by oxidative stress and ascorbic acid.
MATERIALS AND METHODS
The 54 broiler chicks used for this study were obtained from a local hatchery and received a starter diet until 2 wk of age. For the 2 replicate experiments, 18 and 36 chicks, respectively, were randomly assigned to 3 groups that received different diets from 2 to 4 wk of age and were housed at the Clemson University Morgan Poultry Center, Clemson, South Carolina, which is an Association for Assessment and Accreditation of Laboratory Animal Care approved facility at which Institutional Animal Care and Use Committee approved research protocols are monitored for assurance of animal care and well-being. The dietary groups were the control diet (standard cornsoy diet), the control diet with 30 mg/kg of corticosterone to stimulate oxidative stress (Maurice et al., 2007) , and the control diet with 30 mg/kg of corticosterone plus 500 mg/kg of vitamin C.
Blood samples were collected into syringes from the wing vein with 10% EDTA as anticoagulant for thrombocyte isolation. The collected blood was stored on ice for transport to the laboratory. The thrombocyte isolation protocol used here was modified from the protocol used by Horiuchi et al. (1990) . Blood samples were diluted (1:1) with Ca 2+ -and Mg 2+ -free Hanks' balanced salt solution. Diluted blood samples were layered on a lymphocyte separation medium (1.077 to 1.080 g/mL) and centrifuged at 1,700 × g for 30 min at room temperature. The band containing the thrombocytes was collected, washed twice, and resuspended in Hanks' balanced salt solution. Trypan blue exclusion stain was used for quantification of viable cell numbers on a hemacytometer. Cell concentrations were adjusted to 1 × 10 7 /mL for in vitro culture. Thrombocytes (10 7 ) were incubated with 10 g of Ultra Pure Salmonella Minnesota LPS (InvivoGen, San Diego, CA) on a rocking platform at 40°C (5% CO 2 ) for 1 h.
After thrombocyte stimulation, cells were centrifuged at 5,000 × g for 2 min to pellet. Pellets were stored in 100 L of RNAlater (Qiagen Inc., Valencia, CA) overnight at 4°C. After 24 h, cells were centrifuged again to remove the supernatant and stored at −20°C for later use. The RNeasy Kit (Qiagen Inc.) was used, and the protocol of the manufacturer was followed to isolate the total RNA from these samples with on-column DNase treatment to remove any genomic DNA.
Real-time reverse transcription PCR (RT-PCR) was performed using a QuantiTech SYBR Green RT-PCR Kit (Qiagen Inc.) using an Eppendorf Mastercycler ep realplex for 20 s, and 72°C for 20 s. Relative quantification of mRNA levels was determined through the use of the relative fold change calculation according to Pfaffl (2001) .
The factorial experiments were conducted using splitplot designs with chicks (whole plots) randomly assigned to provide replications for each of the 3 diets in replicated experiments. The blood sample collected from each of the chicks was split into 2 parts (subplots) with 1 part serving as a control (no LPS) and the other part stimulated with LPS. Analysis of variance was performed with the GLM procedure of SAS 9.1 (SAS, 2003) , and hypothesis testing was conducted using α = 0.05.
RESULTS AND DISCUSSION
Diets did not affect the expression of proinflammatory cytokines, but LPS stimulation increased the level of expression compared with untreated control thrombocytes Mean differences for each cytokine (P ≤ 0.01).
( Figure 1 ). It is evident from this figure that the relative fold expression increased for IL-1β, IL-6, and IL-12. The highest expression was observed in the relative fold change of IL-6. Interleukin-1β had significant expression but at a lower degree of change than seen for IL-6. Interleukin-12 was moderately induced compared with the 2 other proinflammatory cytokines, but its fold change was also significant.
Lipopolysaccharide affects cell function and induces gene expression in chicken monocytes, macrophages, and heterophils Qureshi, 1997, 1998; Dil and Qureshi., 2002a,b) . In fact, we have demonstrated in this study that LPS also induces expression of the proinflammatory cytokines IL-1β, IL-6, and IL-12 in thrombocytes similar to heterophils, the assumed primary effector cells of the innate host defenses to bacterial infections in poultry. Heterophils are the avian equivalent of neutrophils and function as professional phagocytes to aid in regulation of innate host defenses (Kogut et al., 2002) . Chicken heterophils constitutively express Toll-like receptor (TLR) 1/6/10, TLR2 type 1, TLR2 type 2, TLR3, TLR4, TLR5, and TLR7 mRNA (Kogut et al., 2005) . Our laboratory has recently determined that thrombocytes express TLR2, TLR3, TLR4, TLR5, and TLR7 (T. Scott and M. Dimmick Owens, Clemson University, unpublished data). Therefore, the observed LPS effects on broiler chick thrombocytes are mediated through TLR4 with activation of nuclear factor κB and mitogen-activated protein kinases (Scott and Dimmick Owens, 2008) .
Since the first demonstration of avian thrombocytes as phagocytes by Glick et al. (1964) , there has been extensive work done in the area of phagocytic ability of thrombocytes (Carlson et al., 1968; Carlson and Allen, 1969; Hamilton, 1976, 1979a,b) . There are also some reports in which avian thrombocytes have been shown to play a major role in hemostasis like mammalian platelets by aggregating to form a hemostatic plug (Stalsberg and Prydz, 1963; Hodges, 1979) . Thrombocytes have also been shown to secrete antiheparin proteins (Wachowicz et al., 1981) . But to date, there is no study done with thrombocytes that shows their ability to be major effector immune cells by being stimulated by LPS or other pathogenic components. The findings of this study, along with other data from our laboratory, indicate that thrombocytes express TLR, which potentially place thrombocytes as primary effector cells.
Thrombocytes are the most abundant white blood cells in the avian blood (Chang and Hamilton, 1979a) , and there are almost 6 times more thrombocytes than heterophils in circulation (Glick 1958; Lucas and Jamroz, 1961) . This demonstrates that although thrombocytes and heterophils both have similar effector cell functions in the innate host defenses to bacterial infections, thrombocytes by shear number could be characterized as being the primary innate effector cells in chickens.
